The cross section of e + e − → π + π − π + π − has been measured for center-of-mass energy from 0.6 GeV to 4.5 GeV by BABAR collaboration. We apply these experimental data to fit the theoretical cross section derived from the VMD(Vector Meson Dominance) model. At the same time, the relevant parameters have been deduced from the fitting, and the isovector form factor has also been obtained.
INTRODUCTION
Since 1988, ρ(1600) was replaced by two new resonances: ρ(1450), ρ(1700) in PDG. It is suggested that this possibility can be explained by a theoretical analysis on the consistency of 2π and 4π electromagnetic form factors. Furthermore, detailed experimental data on the cross section of e + e − → π + π − π + π − make the accurate determination of the parameters of ρ-meson and its radial recurrencies possible. Therefore it is meaningful to fit these parameters simultaneously and compare the experimental data with the prediction of the current theoretical model. Recently, VMD model has been developed, which not only includes the contribution of the lowest-lying vector-mesons, but also includes those of their high-mass recurrencies(radial excitation) [1] [2] . The experimental results of the cross section of e + e − → π + π − π + π − can be used to demonstrate the above theoretical model. This paper aims to adopt the data from BABAR collaboration [3] to fit the cross section of e + e − → π + π − π + π − deduced from the VMD model and give the values of some relative parameters.
where the function ρ ππ (m) accounts for the finite width the intermediate ρ(770) meson and is written as
where Γ ρ (m)is the width of the ρ meson mainly determined by the π + π − decay, and the q(M, m i , m j ) is the magnitude of the momentum of either particle i or j, in the rest frame of the decaying particle,which can be written as the following expression
The matrix of inverse propagators is
It consists of the inverse propagators of the unmixed states
where
and the nondiagonal polarization operators
The real parts are still unknown and may be supposed to be some constants, at the same time, the imaginary parts could be deduced from the unitarity relatoin as
The expression of the isovector formfactor [2] can be written as
THE PROCEDURE OF FITTING
The cross section of e + e − → π + π − π + π − has been measured in the effective center-of-mass energy from 0.6 GeV to 4.5 GeV, considering a hard photo radiated from the initial state, by BABAR collaboration [3] . The undressed (without vacuum polarization) cross sections are used to fit the parameters of the VMD model, and the errors we use in fitting are recalculated by considering both statistical errors and the systematical errors. The fit is carried out by means of the χ 2 minimization
where σ i is the experimental cross section; σ the (x i , α) is the theoretical expressions of e + e − → π + π − π + π − cross section; α is the vector of free parameters which are required to be fitted; and ∆σ i is the individual measurement error of the cross section.
The free parameters in the fitting function are
In the fitting work, the parameters related to the mass of ρ i have been fixed according to PDG [4] , which are m ρ 0 = 0.7758GeV, m ρ are set to zero [1] . The parameter f ρ 0 has been fixed to 5.1, g ρ 0 ρ + ρ − is allowed to change between 6.03 and 6.07 [5] .
Then Minuit has been chosen as the tool to find the minimum value of the multi-parameter function Eq. (11) and analyze the shape of this function around the minimum. The Minuit processor MIGRAD which is considered the best minimizer for nearly all functions is used to perform the fitting. The results of the fitting are relatively successful. A good minimum has already been found and the parameter errors taking into account the parameter correlations have been calculated . But it seems difficult to use MINOS, another Minuit processor, to calculate the the errors taking into account both parameter correlations and non-linearities. In function Eq. (1) some parameters are sensitive to fit the χ 2 fuction. As a result, the possibility of calculating the parameter errors by MINOS is affected by these effects.
THE RESULTS AND DISCUSSION
The values of the parameters obtained by fit are indicated with their errors, which are presented in the Table1. Compared with the preceding work by N.N.Achasov [1] who used diverse experimental data from different channels to carry out the fitting respectively, our work focuses on the possibility to fit the parameters simultaneously. Meanwhile, the definite values of the parameters have been presented in Table1. But there are some differences between the values from our work and those from the previous work. The value of g ρ , 1 ωπ is 9.6519±0.70697 (Table1), and previously, it was 19
was −6.0 ± 1.2, but our work gives its value 9.3304 ± 1.0216. And g ρ , 2 ρ 0 π + π − is 57.938 ± 8.0070, compared with that −188 ± 22. And other parameters are in the limit given by N.N.Achasov. From Fig.1 , it could be found that the theoretical curve is compatible with the experimental data.
In Fig.2 , the dash line only takes into account the contribution of ρ(770). The VMD estimates in this case is [2] 
The fitted line agrees with the experimental data relatively well above 0.98GeV. 
Conclusion
Because of the accuracy of the experimental data from BABAR collaboration [3] , and their relatively wide energy range, the fitting can provide some values of the parameters. Considering that some parameters may have a strong correlation and they are sensitive to the χ 2 function, so the results of our work may differ from those gained by respectively fitting different experimental data from different channels. Furthermore, the isovector formfactor is also similar to the previous work.
